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TO ALL WHOM IT MAY CONCERN: 

Be it known that we, YASUH1RO KOIZUMI a Japanese citizen, 
residing at c/o Research and Development Center, SHINMAYWA 
INDUSTRIES, LTD., 6-107, Tajikano-cho, Nishinomiya-shi, Hyogo 663-8001 
JAPAN, and 

KOUICHI NOSE a Japanese citizen, residing at c/o Research and Development 
Center, SHINMAYWA INDUSTRIES, LTD., 6-107, Tajikano-cho, Nishinomiya- 
shi, Hyogo 663-8001 JAPAN, and 

ISAO TOKOMOTO a Japanese citizen, residing at c/o Research and 
Development Center, SHINMAYWA INDUSTRIES, LTD., 6-107, Tajikano-cho, 
Nishinomiya-shi, Hyogo 663-8001 JAPAN, have invented a new and useful 
ION PLATING DEVICE AND ION PLATING METHOD, of which the following 
is a specification. 



ION PLATING DEVICE AND ION PLATING METHOD 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an ion plating device and an ion plating 
method. 

2 . Description of the Related Art 

Film formation by Ion plating is performed by supplying a constant 
voltage to the inside of a vacuum chamber to generate a discharge plasma from 
a material of a film and by applying the plasma to a substrate placed in the 
vacuum chamber to deposit the film on the substrate. 

Such film formation by ion plating is employed in film formation on 
various types of substrates, such as coating of a reflection film on a mirror. 
Figure 4 is a schematic view showing a structure of an example of a device for 
forming a film by the ion plating. 

Referring to Figure 4, an ion plating device 60 comprises a vacuum 
chamber 61, a substrate holder 62 placed in the vacuum chamber 61 for 
holding the substrate 65, a vaporizing source 63 for holding a material of a film 
and vaporizing the material in the vacuum chamber 61, a radio frequency (RF) 
power supply 66 for supplying predeterrnined power to the inside of the vacuum 
chamber 61 via the substrate holder 62, and a direct current (DC) power supply 
67 for supplying a constant negative bias voltage to the inside of the vacuum 
chamber 61 via the substrate holder 62. 

The material vaporized by the vaporizing source 63 is changed into a 
plasma 68 by power supplied by the RF power supply 66 and the DC power 
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supply 67 and an ionized material contained in the plasma 68 is deposited on 
the substrate 65 as the film, thus forming the film on the substrate 65. 

By application of the bias voltage by the DC power supply 67, the ions 
tends to acceleratively migrate toward the substrate 65 and the film can be made 
dense. Also, by application of the bias voltage, a film strongly adhered to the 
substrate 65 can be formed. Particularly when the voltage output from the DC 
power supply 67 is higher, it is possible to make the film denser and more 
strongly adhered to the substrate 65. 

However, it is proved that arcing is likely to occur in the vacuum 
chamber 61 when the bias voltage is applied as described above. In addition, it 
is proved that the arcing is more likely to occur especially when the bias voltage 
is higher. It is considered that the arcing occurs as follows. 

When the bias voltage is applied, the ions in the plasma 68 tend to be 
drawn toward the substrate holder 62 and be spatially biased. When the 
substrate 65 situated between the vaporizing source 63 and the substrate 
holder 62 or the film formed on the substrate 65 is made of an insulating 
material, or the material of the film is the insulating material, the ions are 
captured by the insulating material, and its vicinity is not electrically neutralized, 
causing a large electric field to be locally formed. For this reason, breakdown of* 
the insulating material occurs, causing arcing. 

Particularly when the substrate 65 or the film on the substrate 65 is 
made of the insulating material, the ions tend to be captured in the vicinity of the 
substrate 65 or on the film, which causes the arcing to occur in the vicinity of the 
substrate 65 or on the film. When the arcing occurs, impurities tends to be 
mixed into the film in formation of the film on the substrate 65, causing 
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uniformity or density of the film to be reduced. When a path of the arcing 
penetrates through the film formed on the substrate 65, the film is damaged. 

SUMMARY OF THE INVENTION 
The present invention has been developed for obviating the 
above-described problems, and an object of the present invention is to provide 
an ion plating device and an ion plating method, which prevent occurrence of 
arcing when using a bias voltage to improve density and adhesion of a film and 
thereby prevent impurities from being mixed into the film to avoid damage to a 
substrate and the film. 

To achieve the above-described object, there is provided an ion plating 
device comprising: a vacuum chamber adapted to be evacuated; substrate 
holder placed in the vacuum chamber for holding a substrate; and a power 
supply unit for supplying power used for changing a material of a film to be 
formed on the substrate into a plasma and depositing the film from the plasma 
on the substrate to an inside of the vacuum chamber through the substrate 
holder, wherein the power supply unit includes a bias power supply unit for 
outputting a bias voltage composed of a negative bias component having a 
predetermined negative voltage value for a predetermined output time and a 
pulse bias component corresponding to a pulse output having a positive voltage 
value for a predetermined time, with a cycle set in a range of 1kHz to 1GHz. 

In the ion plating device, the negative bias of the bias voltage enables the 
ions in the plasma to acceleratively migrate toward the substrate. Therefore, a 
dense and strongly adhesive film can be formed on the substrate. In addition to 
this, when the substrate or the film formed on the substrate is made of an 
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insulating material, or a material of the film mixed in the plasma is an msulating 
material, the pulse bias component of the bias voltage allows positive charges 
captured in the insulating material to be neutralized. Thereby, rnixing of 
impurities into the film formed on the substrate and damages such as pin holes 
in the film can be prevented. 

It is preferable that a ratio of the predetermined time of the pulse bias to 
the cycle of the bias is 40% or less. This is because if the time of the pulse bias 
in one cycle of the bias voltage is relatively long, plasma might be attenuated and 
efficiency of film formation is reduced. 

In the ion plating device, as the pulse output of the pulse bias, a square 
wave pulse having a pulse width for the predetermined time and having a 
predetermined voltage value may be used. Using such a square wave pulse, a 
desired pulse bias of the bias voltage is easily obtained and a pulse bias having a 
desired voltage value and a pulse width for neutralization of the positive charges 
in the vicinity of the substrate is easily given. 

It is preferable that the bias power supply unit comprises a waveform 
generator for generating a basic waveform of the bias voltage and a bias power 
supply for generating the bias voltage having a constant value based on the 
basic waveform output from the waveform generator. Since the bias voltage 
having a predetermined waveform can be formed by using the waveform 
generator capable of generating an arbitrary waveform, a desired bias voltage is 
easily obtained. 

It is preferable that the bias power supply unit comprises a direct 
current power supply for forming the negative bias and a pulse power supply for 
forming the pulse bias. Since the direct current power supply and the pulse 
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power supply can be independently adjusted, the negative bias component and 
the pulse bias component can be independently adjusted. Consequently, the 
bias voltage can be easily adjusted. 

When the bias power supply unit of the ion plating device comprises the 
waveform generator and the bias power supply, the device may further 
comprise: a radio frequency power supply unit for outputting radio frequency 
power; a high pass filter provided between the radio frequency power supply unit 
and the substrate holder for passing an output of the radio frequency power 
supply unit therethrough toward the substrate holder and preventing an output 
of the bias power supply unit from being input to the radio frequency power 
supply unit; and a first low pass filter provided between the bias power supply 
unit and the substrate holder for passing an output of the bias power supply 
unit therethrough toward the substrate holder and preventing an output of the 
radio frequency power supply unit from being input to the bias power supply 
unit. 

The radio frequency power supply unit, as well as the bias power supply 
unit, is capable of supplying power required for film formation when the plasma 
is generated to form the film. Thereby, desired power can be supplied by a 
relatively simple method and a total cost can be reduced because of improved 
yield associated with the film formation, including maintenance and operation of 
the device. 

When the bias power supply unit of the ion plating device comprises the 
direct current power supply and the pulse power supply, the device may further 
comprise: a radio frequency power supply unit for outputting radio frequency 
power; a high pass filter provided between the radio frequency power supply unit 
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and the substrate holder for passing an output of the radio frequency power 
supply unit therethrough toward the substrate holder and preventing an output 
of the bias power supply unit from being input to the radio frequency power 
supply unit; and a first low pass filter provided between the bias power supply 
unit and the substrate holder for passing an output of the bias power supply 
unit therethrough toward the substrate holder and preventing an output of the 
radio frequency power supply unit from being input to the bias power supply 
unit. Also in this case, the radio frequency power supply unit, as well as the 
bias power supply unit, is capable of supplying power required for film formation. 
Thereby, desired power can be supplied by a relatively simple method and a total 
cost can be reduced because of improved yield associated with the film 
formation, including maintenance and operation of the device. 

When the bias supply unit of the ion plating device comprises a direct 
current supply for forming the negative bias and an impulse train power supply 
for forming the pulse bias, the device may further comprise a second low pass 
filter provided between the direct current power supply and the substrate holder, 
for passing an output of the direct current power supply therethrough toward 
the substrate holder and preventing an output of the impulse train power supply 
from being input to the direct current power supply; and a band pass filter 
provided between the impulse train power supply and the substrate holder, for 
passing an output of the impulse train power supply therethrough toward the 
substrate holder and preventing an output of the direct current power supply 
from being input to the impulse train power supply. With this configuration, 
the direct current power supply for forming the negative bias and the impulse 
train power supply for forming the pulse bias can be independently adjusted and 
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the bias voltage can be adjusted more easily. 

This ion plating device may further comprise a radio frequency power 
supply unit for outputting radio frequency power; and a high pass filter provided 
between the radio frequency power supply unit and the substrate holder for 
passing an output of the radio frequency power supply unit therethrough 
toward the substrate holder and preventing an output of the bias power supply 
unit from being input to the radio frequency power supply unit, wherein the 
second low pass filter is adapted to further prevent an output of the radio 
frequency power supply unit from being input to the direct current power supply, 
and the band pass filter is adapted to further prevent an output of the radio 
frequency power supply unit from being input to the impulse train power supply. 
In this device, independent adjustment of the negative bias and the pulse bias of 
the bias voltage can be easily performed, that is, parameters for film formation 
cam be adjusted independently of one another. In addition, desired power can 
be adjusted by a relatively simple method. 

There is also provided an ion plating device comprising: a vacuum 
chamber adapted to be evacuated ; a substrate holder placed in the vacuum 
chamber for holding a substrate; and a power supply unit for supplying power 
used for changing a material of a film to be formed on the substrate into a 
plasma and depositing the film from the plasma on the substrate to an inside of 
the vacuum chamber through the substrate holder, wherein the power supply 
unit is adapted to output a bias voltage composed of a negative bias component 
having a predetermined negative voltage value for a predetermined output time 
and a pulse bias component corresponding to a pulse output having a positive 
voltage value for a predetermined time, with a cycle set in a range of 1kHz to 
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1GHz, and output radio frequency power, further comprising: a function 
generator for synthesizing a waveform corresponding to the negative bias 
component of the bias voltage, a waveform corresponding to the pulse bias 
component of the bias voltage, and a waveform corresponding to radio frequency 
of the radio frequency power; and a linear amplifier for amplifying the waveform 
synthesized by the function generator and supplying an amplified waveform. 
Thereby, filters and hence adjustment of the filters become unnecessary. Also, 
the output of the bias voltage composed of the negative bias and the pulse bias 
and the output of radio frequency can be unitarily managed. Consequently, 
adjustment for well-balanced outputs becomes easy. 

In the ion plating device in which the power supply unit is adapted to 
output radio frequency power, a preliminary plasma forming process is adapted 
to be carried out in such a manner that the vacuum chamber is evacuated to 6.7 
X IO- 3 Pa to 6.7 X 10-1 p a and a ^ as voltage composed of a negative bias 
component having a predetermined negative voltage value for a predetermined 
output time and a pulse bias component corresponding to a pulse output having 
a positive voltage value for a predetermined time, the pulse bias component 
having an absolute value smaller than an absolute value of the negative bias 
component, is output with a cycle set in a range of 1kHz to 1GHz to generate a 
preliminary plasma and then, a film forming process is adapted to be carried out 
in such a manner that the vacuum chamber is evacuated to a state in which the 
material of the film can be vaporized to generate a plasma for film formation and 
the radio frequency power as well as the bias voltage is output to generate the 
plasma for film formation, thereby forming the film on the substrate. 

In the ion plating device in which the power supply unit outputs radio 
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frequency power, and a process for generating the preliminary plasma is first 
performed and a process for forming the plasma for film formation is then 
performed, the cycle of the bias voltage applied together with the radio frequency 
power is set between 10kHz and 500kHz in the process for forming the film on 
the substrate. 

In the device without the radio frequency power supply unit, a 
preliminary plasma forming process is adapted to be carried out in such a 
manner that the vacuum chamber is evacuated to 6.7 X 10" 3 Pa to 6.7 X 10' 1 Pa 
and a bias voltage composed of a negative bias component having a 
predetermined negative voltage value for a predetermined output time and a 
pulse bias component corresponding to a pulse output having a positive voltage 
value for a predetermined time, the pulse bias component having an absolute 
value smaller than an absolute value of the negative bias component, is output 
with a cycle set in a range of 1kHz to 1GHz to generate a preliminary plasma, 
and then a film forming process is adapted to be carried out in such a manner 
that the vacuum chamber is evacuated to a state in which the material of the 
film can be vaporized to generate a plasma for film formation and the bias 
voltage is output with a cycle set in a range of 1MHz to 1GHz to generate the 
plasma for film formation, thereby forming the film on the substrate. 

There is provided an ion plating method in which a vacuum chamber in 
which a substrate holder for holding a substrate and a vaporizing source for 
holding a material of a film to be formed on the substrate are placed is evacuated 
to a vacuum state and predetermined power is supplied to an inside of the 
vacuum chamber through the substrate holder to generate a plasma from which 
the film is formed on the substrate, comprising the steps of: evacuating the 
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vacuum chamber to a state of 6.7 X 10-3 p a to 6 7 x 10-1 Pa and applying a bias 
voltage composed of a negative bias component having a predetermined negative 
voltage value for a predetermined output time and a pulse bias component 
corresponding to a pulse output having a positive voltage value for a 
predetermined time, the pulse bias component having an absolute value smaller 
than an absolute value of the negative bias component, with a cycle set in a 
range of 1kHz to 1GHz, to generate a preliminary plasma; and evacuating the 
vacuum chamber to a state in which the material of the film can be vaporized to 
generate a plasma for film formation and applying the radio frequency power as 
well as the bias voltage to generate the plasma for film formation. 

In this method, the cycle of the bias voltage in the step of generating the 
plasma for film formation is set between 10kHz and 500kHz. 

Also in this method, in the step of generating the plasma for film 
formation after the step of generating the preliminary plasma, the bias voltage is 
applied with a cycle set in a range of 1MHz to 1GHz. 

These objects as well as other objects, features and advantages of the 
invention will become more apparent to those skilled in the art from the following 
description with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figures 1A is a schematic view showing a configuration of an ion plating 
device according to an embodiment of the present invention and Figure IB is a 
view showing an example of a bias voltage according to the embodiment of the 
present invention; 

Figure 2 is a view showing another example of the bias voltage according 
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to the embodiment of the present invention; 

Figures 3A-3C are views showing configurations of a bias power supply 
unit according to the embodiment of the present invention; and 

Figure 4 is a schematic view showing a configuration of the conventional 
ion plating device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, an embodiment of the present invention will be described 
with reference to Figures 1 through 3. 

Figure 1A is a schematic view showing a configuration of an ion plating 
device 10 according to an embodiment of the present invention. Referring now 
to Figure 1A, the device 10 comprises a vacuum chamber 1 and a power supply 
unit 8. The power supply unit 8 comprises a radio frequency (RF) power supply 
unit 1 1 and a bias power supply unit 12. 

A substrate holder 2 is placed in an upper portion of the vacuum 
chamber 1 for holding a substrate 5 on which a film is to be formed. The 
substrate holder 2 is made of a conductive material and electric power is 
supplied from the RF power supply unit 1 1 and the bias power supply unit 12 to 
the inside of the vacuum chamber 1 through the substrate holder 2. The 
substrate holder 2 Is adapted to be rotatably driven by a motor (not shown). 
The film is formed while the substrate holder 2 is rotated. 

A vaporizing source 3 is placed in a lower portion of the chamber 1 for 
holding a material to be formed into the film and vaporizing the material in a 
space inside of the chamber 1. As the vaporizing source 3 ? various types of 
vaporizing sources capable of vaporizing the material of the film in the space 
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inside of the chamber 1 may be employed, including a vaporizing source that 
vaporizes the material of the film by resistance heating by using a heating power 
supply, a vaporizing source that heats and vaporizes the material by using an 
electron gun, a vaporizing source that vaporizes the material by sputtering, a 
vaporizing source that vaporizes the material by the arcing, and so forth. 

The vacuum chamber 1 can be evacuated to a desired vacuum state by 
using an evacuation means such as a vacuum pump and a gas supply means 
(not shown). Specifically, free adjustment can be performed as necessary to 
obtain the desired vacuum state by setting a desired vacuum at which a 
preliminary plasma is generated by using a given gas in a previous stage or 
setting a desired vacuum at which the material of the film is changed into a 
plasma for film formation, according to respective processes in a series of steps 
for film formation. 

The vacuum chamber 1 is made of a conductive material and a wall 
thereof is electrically grounded. 

The RF power supply unit 1 1 is capable of supplying radio frequency 
power to the inside of the vacuum chamber 1 and changing the material of the 
film vaporized by the vaporizing source 3 into the plasma. The RF power supply 
unit 1 1 has an output terminal connected to the substrate holder 2 through a 
high pass filter 15 and an output terminal electrically grounded. RF power 
output from the RF power unit 1 1 is applied to the substrate holder 2. 

A high pass filter 15 is provided between the RF power supply unit 1 1 
and the substrate holder 2 for passing an output of the RF power supply unit 1 1 
therethrough toward the substrate holder 2 and preventing an output of the bias 
power supply unit 12 from being input to the RF power supply unit 1 1 . 
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As for a power value or a frequency of the output of the RF power supply 
unit 1 1, a desired power value or frequency is selected according to film forming 
conditions such as the type of the material of the film to be formed. 

The bias power supply unit 12 comprises a wave generator 13 and a bias 
power supply 14. The wave generator 13 serves to generate a waveform of a 
bias voltage to be output from the bias power supply unit 12. The waveform 
generator 13 is capable of generating a direct current (DC) component 
stationarily having a constant value, an alternating current (AC) component of 
each frequency, or various types of waveforms such as a square wave or a 
triangular wave, as a basic component. Also, the waveform generator 13 is 
capable of synthesizing a plurality of basic components into a basic waveform. 
The bias power supply 14 serves to amplify the basic waveform generated by the 
waveform generator 13 into a bias voltage having a predetermined value. 

The bias power supply 14 has an output terminal connected to the 
substrate holder 2 through a low pass filter 16 and an output terminal 
electrically grounded. The bias voltage output from the bias power supply 14 is 
applied to the substrate holder 2 and a bias is thereby supplied to the inside of 
the vacuum chamber 1. 

The low pass filter 16 is provided between the bias power supply 14 and 
the substrate holder 2 for passing an output of the bias power supply 14 
therethrough toward the substrate holder 2 and preventing an output of the RF 
power supply unit 1 1 from being input to the bias power supply unit 12. The 
low pass filter 16 corresponds to a first low pass filter. 

Subsequently, the bias voltage output from the bias power supply unit 
12 will be explained. Figure IB shows an example of the waveform of the bias 
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voltage. In Figure IB, a lateral axis indicates time(sec) and a longitudinal axis 
indicates voltage values (V). An area above the lateral axis indicates positive 
voltages and an area below the lateral axis indicates negative voltages. 

The bias voltage is, as shown in Figure IB, composed of a negative bias 
component corresponding to a DC voltage having a constant negative voltage 
value( - Vbi) for a predetermined time Ti and a pulse bias component 
corresponding to a square wave pulse having a constant positive voltage value 
(V p i) for a predetermined time (Twi). 

In formation of the film, in order to obtain a film having a desired density 
and desired adhesion to the substrate, the voltage value (- Vbi )and the output 
time (Ti )of the negative bias component are selected so as to give acceleration to 
the ions in the plasma by application of the negative bias. The voltage value (— 
V B i )is set in the range of -2000V to 0V. 

The voltage value (V p i )and the pulse width (T w i ) of the pulse bias 
component are selected, which are sufficient to neutralize positive charges 
accumulated in the material in the substrate 5, the film formed on the substrate 
5, or the plasma, and do not attenuate the plasma. The voltage value (V p i ) is 
set in the range of 0V to 2000V. 

In the example shown in Figure IB, the ratio of the output time of the 
positive pulse width (Twi ) to a cycle of the bias voltage, i.e., (Twi / (Twi + Ti ) ) is 
40% and the ratio of the output time (Ti) of the negative bias to the cycle, i.e., (Ti/ 
(Twi + Ti )) is 60%. It is preferable that the ratio of the pulse width T w i to the 
cycle of the bias voltage is 40% or less. This is because when the ratio is larger 
than 40%, the plasma might be attenuated, which results in reduced efficiency 
of film formation. 
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Figure 2 shows an example of another waveform of the bias voltage. 
The waveform of Figure 2 is also composed of a negative bias component having 
a negative voltage value (- Vb2 ) for a predetermined time (T2 )and a component 
having a positive voltage value (V P 2) for a predetermined time (Tw2). The bias 
voltage of Figure 2 is obtained by adding a DC voltage having a constant negative 
voltage value to an AC voltage. 

The voltage value (- Vb2 ) and output time (T2) are selected to provide a 
film having a desired density and desired adhesion to the substrate (a voltage 
value (absolute value) Vb2 is an average value for time T2 ). 

The voltage value(V P 2) and time (Tw2 ) of the positive component are 
selected, which are sufficient to neutralize positive charges accumulated in or in 
the vicinity of the substrate 5 and do not attenuate the plasma in the chamber 1 
(A voltage value V P 2 is an average value for time Tw2). 

The absolute values Vb2 , V P 2 are set in the range of OV to 2000V. 

Preferably, the repeated cycle of the bias voltage of Figure 2 is set 
between 1kHz and 1GHz. Below 1kHz, because the frequency at which the 
pulse bias is applied is low, an electric field causing breakdown is formed before 
the charges of the ions captured in the vicinity of the substrate 5 are neutralized, 
while above 1GHz, adjustment of timing at which the pulse bias is to be applied 
becomes difficult 

More preferably, the cycle of the bias voltage is set between 10kHz and 
500kHz. 

In the ion plating device 10 described above, since the film can be formed 
on the substrate 5 by accelerating the ions in the plasma as a result of 
application of the negative voltage having the predetermined negative value, it is 
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possible to form a dense and strongly adhesive film. In addition to this, the 
application of the pulse bias having the positive voltage value allows the positive 
charges captured in the insulating material to be neutralized when there is a 
material comprising the insulating material on the substrate 5 and its vicinities 
such as the film formed on the substrate 5. Thereby, occurrence of the arcing 
can be prevented. Therefore, mixing of the impurities into the film formed on 
the substrate 5 can be prevented, and an uneven structure of the film can be 
avoided. Also, damage to the film, the substrate or the like can be avoided. 

Subsequently, another example of the power supply unit will be 
described with reference to Figures 3A and 3B. A bias power supply unit 22 of 
Figure 3A comprises a DC power supply 24 for outputting a constant negative 
DC voltage to form a negative bias, and a pulse power supply 23 for outputting a 
constant positive pulse voltage to form a pulse bias. The output of the DC 
power supply 24 and the output of the pulse power supply 23 form the bias 
voltage. The bias voltage is output to the substrate holder 2 through a low pass 
filter 21. 

The low pass filter 2 1 is adapted to pass the bias voltage output from the 
DC power supply 24 and the pulse power supply 23 therethrough toward the 
substrate 2 and prevent an output of the RF power supply unit 1 1 from being 
input to the bias power supply unit 22. The low pass filter 2 1 corresponds to a 
first low pass filter. 

When the bias power supply unit is configured as shown in Figure 3A, 
the DC power supply unit 24 for forming the negative bias and the pulse power 
supply 23 for forming the pulse bias are independently provided. Therefore, the 
negative bias and the pulse bias are easy to independently adjust. 
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Figure 3B shows still another example of the bias power supply unit. A 
bias power supply unit 26 of Figure 3B comprises a DC power supply 27 for 
outputting a constant negative DC voltage to form a negative bias and an 
impulse train power supply 28 for forming a pulse bias. The output of the DC 
power supply 27 is sent to the substrate holder 2 through the low pass filter 29 
and the output of the impulse train power supply 28 is sent to the substrate 
holder 2 through a band pass filter 30. The bias voltage formed from these 
outputs is applied to the substrate holder 2. 

The low pass filter 29 is provided between the DC power supply 27 and 
the substrate holder 2 for passing the output of the DC power supply 27 
therethrough toward the substrate holder 2 and preventing the output of the RF 
power supply unit 1 1 and the output of the impulse train power supply 28 from 
being input to the DC power supply 27. The low pass filter 29 corresponds to a 
second low pass filter. 

The band pass filter 30 is provided between the impulse train power 
supply 28 and the substrate holder 2 for passing the pulse output of the impulse 
train power supply 28 therethrough toward the substrate holder 2 and 
preventing the output of the RF power supply unit 1 1 and the output of the DC 
power supply 27 from being input to the impulse train power supply 28. 

In the bias power supply unit 26 of Figure 3B, the DC power supply 27 
for forming the negative bias and the impulse train power supply 28 for forming 
the pulse bias are independent and the filters 29, 30 associated with the outputs 
from these power supplies 27, 28 to the substrate holder 2 are also independent. 
Therefore, the bias voltage is easy to adjust. 

Figure 3C shows still another example of the power supply unit. In the 
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example shown in Figure 3C, the power supply unit is constituted by a linear 
amplifier 3 1 and a function generator 32. The function generator 32 is adapted 
to synthesize the RF waveform of the RF power, the waveform of the negative 
bias component of the bias voltage, and the waveform of the pulse bias 
component of the bias voltage, to generate a synthesized waveform, which is 
amplified by the linear amplifier 31 and output to the substrate holder 2 as a 
desired output. 

When the power supply unit is configured as shown in Figure 3C, 
adjustment of the filters becomes unnecessary because it is not necessary to 
provide the filters. In addition, the RF output, the output of the negative bias of 
the bias voltage, and the output of the pulse bias of the bias voltage can be 
managed unitarily and adjustment for the well-balanced outputs becomes easy. 

When the negative bias component and the pulse bias component are 
independently output like the bias power supply units 22, 26 of Figures 3A, 3B, 
adjustment is made among the outputs of the DC power supplies 24, 27, the 
output of the pulse power supply 23 and the output of the impulse train power 
supply 28 so that the bias voltage formed by synthesizing these outputs 
becomes a negative bias having a predetermined voltage value and a pulse bias 
having a predetermined voltage value. 

The above-described ion plating device is provided with a controller (not 
shown). Under control of the controller, the RF power supply unit 1 1 outputs 
the RF power composed of predetermined power or frequency, the bias power 
supply units 12, 22, 26 respectively output a predetermined negative bias or 
pulse bias, and the function generator 32 and the linear amplifier 31 perform 
desired operation. Under control of the controller, the evacuation means such 
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as the vacuum pump and the gas supply means also operate to evacuate the 
chamber 1 to a desired state. 

Hereinbelow, operation examples of operation of the device 10 for 
forming the film by using the ion plating device 10 will be described. In 
examples shown below, as a material to be formed into the film, magnesium 
fluoride (MgF 2 ) , i.e., an insulating material, is used and a film made of MgF 2 is 
formed on the substrate. 
[Operation 1] 

MgF 2 is set on the vaporizing source 3 and the vacuum chamber 1 is 
closed. In this state, operation of the device 1 is started. In a previous stage, a 
process for generating a preliminary plasma is performed. As a process gas, for 
example, Argon (Ar) gas is introduced into the vacuum chamber 1 to evacuate 
the chamber 1 to a vacuum of 6.7 X 1 0-3 Pa (5 X 1 0-5 Ton) -6.7 X 1 0- 1 Pa (5 X 
10- 3 Torr). Among the power supplies, only the bias power supply unit 12 is 
operated and the bias voltage is applied to generate a discharge plasma. In this 
case, the bias power supply unit 12 is adapted to output the bias voltage having 
a positive pulse bias voltage value (absolute value) that is smaller than a negative 
bias voltage value (absolute value), with a cycle of 1kHz - 1GHz. 

Subsequently, a process for generating a film formation plasma is 
performed. The RF power supply unit 1 1 is operated and application of RF 
power is started. The RF power supply unit 12 outputs the power sufficient to 
generate a plasma having a desired concentration for film formation. Then, the 
vaporizing source 3 heats MgF 2 to vaporize MgF 2 in the chamber 1 and 
evacuates the chamber 1 to a desired vacuum for film formation. 

Thus, first, in the process for generating the preliminary plasma, the 



19 



plasma is generated by using the pulse bias, and then the film forming plasma 
generating process is performed. This is because, if the output of the RF power 
supply unit 1 1 is sufficient to generate the plasma required for film formation in 
an initial stage, arcing might occur. On the other hand, when the process for 
generating the preliminary plasma is first performed and then transitions to the 
process for generating the plasma for film formation, occurrence of the arcing 
can be suppressed. 

In the process for generating the prelirninary plasma, instead of using 
the pulse bias, the output of the RF power supply unit 1 1 and the vacuum in the 
vacuum chamber 1 may be set to generate the plasma which will not bring 
about arcing. 
[Operation 2] 

MgF 2 is set on the vaporizing source 3 and the vacuum chamber 1 is 
closed. In this state, operation of the device 10 is started. Initially, a process 
for generating a prelirninary plasma is performed. As a process gas, for 
example, argon (Ar) gas is introduced into the vacuum chamber 1 to evacuate 
the camber 1 to a vacuum of 6.7 X 10-3 p a (5 x 10-5 t oit ) _ 5 7 x 10-1 p a (5 X 
IO- 3 Torr). Among the power supplies, only the bias power supply unit 12 is 
operated and the bias voltage is applied to generate a discharge plasma. The 
bias power supply unit 12 is adapted to output the bias voltage having a pulse 
bias voltage value (absolute value) smaller than a negative bias voltage value 
(absolute value), with a cycle of 1kHz - 1GHz. 

Subsequently, a process for generating a plasma for film formation is 
performed. The bias power supply unit 12 outputs the voltage with a cycle of 
1MHz- 1GHz. Then, the vaporizing source 3 heats MgF2 to vaporize MgF2 
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in the chamber 1, and the chamber 1 is evacuated to a desired vacuum state 
required for film formation. 

Like this example, only the bias power supply unit 12 may be used for 
film formation without operating the RF power supply unit 11. 

The ion plating device 10 described above may employ various types of 
ion plating methods such as: a method using an inert gas such as Ar, an ion 
plating method without using the inert gas, and an ion plating method using a 
reactive gas. 

Numerous modifications and alternative embodiments of the invention 
will be apparent to those skilled in the art in view of the foregoing description. 
Accordingly, the description is to be construed as illustrative only, and is 
provided for the purpose of teaching those skilled in the art the best mode of 
carrying out the invention. The details of the structure and/ or function may be 
varied substantially without departing from the spirit of the invention and all 
modifications which come within the scope of the appended claims are reserved. 
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